The present paper reports a meta-analysis on the effects of acoustic noise on performance for the studies from 2006-2011. These findings are compared and contrasted to the outcome of a previous meta-analysis of studies from 1900-2005 concerning the self-same influence. Such a comparison illustrates the evolution of acoustic effects but critically, it also renders crucial insights into the process of meta-analysis itself.
INTRODUCTION
Meta-analysis is a particularly strong and powerful technique that is being employed more and more frequently in the behavioral sciences, including Human Factors and Ergonomics. The primary use of meta-analyses is to assess the summed assembly of research literature in order to find quantitative values for effect sizes in specific areas of practical or theoretical concern. A substantive body of literature can now be evaluated through these evolving techniques in order to establish numerical foundations for the topic of interest. However, the evolution of such effects is typically not dealt with in standard meta-analyses.
To explore such evolutionary trends we here present a contextual comparison using a previously established metaanalysis of acoustic noise stress on performance and compare the recorded outcomes with more recent experimental work reported within the last half-decade. Our purpose, therefore, is not simply to advance understanding in the state of knowledge specifically concerning noise and how it relates to human performance capacity, although this is of manifest benefit. Rather, it is to evaluate exactly how meta-analysis evolves and changes over certain, specific intervals of time.
The Meta-Analysis Debate
There have been many criticisms of meta-analyses voiced since its emergence in the mid-1970s. Among these critiques are that 1) some researchers select categories that are too broad, i.e., mixing "apples" and "oranges," 2) limitations in the statistical analyses limit inclusion criteria to only consider main effects; 3) the statistical tests are too liberal and inflate effect sizes; 4) such analyses are susceptible to publication biases and the specific bias of the researcher themselves (Borenstein et al, 2009) .
Within this undeniably quantitative process of trying to more fully explain variance and provide a global understanding of any topic the constraints applied to the data may be influenced by bias of the meta-analyst (e.g., inclusion criteria, coding schemes, moderator variables). While the rejection of numerous primary studies in a meta-analysis is common occurrence, and necessary to insure meaningful data when combining effect size estimates across studies, there is still a degree of subjectivity in defining the boundaries for inclusion. Further, two main limitations of meta-analyses can be applied here: 1) the potential subjectivity in decisions regarding inclusion criteria and 2) the time period chosen for study inclusion. We examine such issues in light of the specific case study of noise with which we are most familiar.
The Noise Debates
As is often the case in research, periodically there are outbursts in publications on a given topic and these may well be followed by certain lulls in interest, depending upon both theoretical and practical drivers of involvement. The literature on noise and human performance is no exception and indeed may well be considered a strongly representative case study of such fluctuations. A large body of work was accumulated in the 1950s and 1960s in the context of both pragmatic and more theory-based concerns (Broadbent, 1971) . This work culminated in a now classic debate between Broadbent (1976; 1978) and Poulton (1977; 1979) regarding the cognitiveenergetic mechanism underlying noise effects on performance.
In spite of a lack of consensus after this debate, and the identification of key unanswered questions (Loeb, 1986) , research interest waned in the 1980's and 1990's, with the majority of studies conducted to test specific information processing theories of memory and serial recall (Jones & Macken, 1993; Macken, Phelps, & Jones, 2009) . Perhaps the diminution of concern for industrial noise effects waned in the western world perhaps associated funding simply dried up. Regardless of the specific reason, the flow of research effort changed direction. Thus, the research conducted during the most recent decade has examined characteristics of tasks and noise that have been much narrower in scope than those investigated in previous decades. With today's portable devices and the proliferation of technologies such as cellphones and iPods, the noise issue is beginning again to reemerge as a public safety and health concern. Thus, we now stand at an opportune time to consider these respective waves of research effort and the way in which evaluated effects have evolved over time. Now, thanks to meta-analytic procedures, we can effectively conduct such a comparison based on quantitative rather than merely qualitative comparisons. Therefore, the current investigation sought to metaanalytically compare the different epochs of research on the effects of noise on performance. From this comparison, we look to make a number of recommendations about the dynamic dimensions of evolving meta-analysis for differing respective areas of research. (70) articles, reports, dissertations, and theses. Of these, twenty-three (23) primary studies providing 218 effect sizes, were accepted for use within this meta-analysis.
Criteria for Study Inclusion
All studies were inspected to ensure they fulfilled the following criteria outlined by Szalma and Hancock (2010) .
1. Each study had to report an empirical examination of noise stress in which the experimental manipulation employed an application of noise interference. 2. Each report was required to include a control group that received no or lower intensities of the noise stress. This could be two separate groups (between-groups design) or one group taking part in each separate session -a 'control' session and an 'experimental' session. In all cases the experimental condition featured a condition that was either compared to a lack of input noise stress or a control group in which the input noise was of lower intensity. If the control condition also featured noise exposure then the experimental condition consisted of a higher level of noise stress input. 3. The study had to address the issue of direct noise effects on performance. Hence, studies that sought to disturb sleep through the application of a noise and then assess the effect of sleep loss on performance were not included in this analysis. 4. Each study had to report at least one measure of performance (e.g., proportion correct, speed of response, tracking error). Studies using physiological or subjective response alone were thus excluded. 5. Each study had to include sufficient information regarding performance results to determine effect size estimates. 6. The study had to use a sample of healthy adults. That is, the study was rejected if it used children as participants, or if the sample consisted of individuals with hearing impairment or any mental or physical illness
Independent Measures
Studies were classified into four broad task categories (i.e., perceptual, cognitive, motor, and communication), two performance measures (i.e., speed and accuracy), schedule of noise exposure (i.e., intermittent or continuous), and type of noise exposure (i.e., non-speech, e.g, white noise or speech). However due to the spread of the literature in 2006-2011, only two of the four broad task categories (i.e., perceptual and cognitive) were included in the analysis.
Calculation of effect size
Effect sizes were formally determined through the mathematical examination of the standardized mean difference between the cited experimental and the control conditions. The effect sizes used in this meta-analysis were standardized difference scores (Hedges's g; Hedges & Olkin, 1985; Hedges, Shymansky, & Woodworth, 1989) . In calculating the effect size, its directional sign was computed such that positive scores represented superior performance in the experimental group relative to the control group, while negative g-scores indicated worse performance in the experimental condition. The obtained g scores were adjusted for statistical bias using the procedure described in Hedges and Olkin, (1985, pp. 78-81) .
Variance Estimates
Mean and variance estimates for pair-wise effect sizes were computed using procedures outlined in Hunter & Schmidt (2004) . In this approach, two sources of variance are identified: variability due to sampling error (σ e 2 ) and variability due to differences in the population effect sizes (σ δ 2 ). The latter variance estimate is obtained by estimating σ e 2 and the observed variability among the effect sizes (σ g 2 ), and then subtracting σ e 2 from σ g 2 . The difference between the observed effect size variance and the sampling error variance is residual variability σ δ 2 that arises from 'random effects' (Hunter & Schmidt, 2004 ; but see also Hedges & Vevea, 1998) , the effects of moderator variables, and uncorrected sources of statistical bias (e.g., measurement error).
RESULTS
Mean and variance estimates for pair-wise effect sizes are found in Tables 1-6. All tables include results from the current study (i.e., 'new'), results from Szalma and Hancock (2010;  i.e., 'old'), and combined results from both studies (i.e., 'all'). This information is pertinent to compare and contrast metaanalytic findings as a function of era in which the research was completed.
Global Effects
Initial moderator analyses were computed for global effect of acoustic noise on performance (see Table 1 ). Global new analysis showed a moderate effect (g = -0.6) drawn from 16 studies following outlier analysis; while the global effect for the old analysis showed a small to moderate effect (g = -0.3) drawn from 21 studies. Initial interpretation of the new analysis suggests that the negative effect of acoustic noise is stronger in the more recent studies. However we must take into consideration the number of studies included in analysis as well as the degree of confidence in the findings. The larger number of studies and strong confidence interval in the old analysis suggests a more stable finding. The global effect on all analysis (g = -0.3) drawn from 242 studies, further supports the stability of the old findings. Note. * Outliers removed
Single Moderator Effects
Task type. According to the dynamic adaptability model of stress and performance (Hancock & Warm, 1989) , the physical environment is part of a broader demand input 'stress signature' imposed on an individual. Indeed, Hancock and Warm (1989) argued that tasks themselves often are the most proximal source of stress. Thus, it is likely that the effects of a physical stressor such as noise on performance will be moderated by the characteristics of the task to be performed. This moderator analysis was therefore computed, and these results are summarized in Table 2 . In the new perceptual category, eight studies qualified which yielded an average effect size of g = +0.1, and the 95% confidence interval in respect of this effect contained zero (no effect), indicating that the effect of noise on perception appears to be negligible. These findings are consistent with old and all analysis (g = -0.1 and -0.1 respectively), suggesting that noise may not have an effect on perceptual tasks.
However, small to moderate effects of noise were found on cognitive tasks for new, old and all analyses (g = -0.5, -0.3, and -0.3). A 95% CI did not contain zero for any of the analysis, adding support to this finding. After accounting for the number of studies included in analysis, it appears that -0.3 is a relatively stable effect. 
Note. * Outliers removed
Performance measure. The effects of noise on performance measures can be found in Table 3 . A moderate effect for accuracy measures was observed across new, old and all analyses (g = -0.5, g = -0.5, and g = -0.5 respectively) despite large differences in total number of studies. In addition, the new analysis suggests a small to moderate effect on speed (g = -0.4). However a 95% CI in respect of the speed effect did contain zero, implying that some of the effect may be due to the relatively small number of studies. Comparative finding to the old and all analysis (g = +0.1, g = -0.1 respectively) supports the previous finding that the new analysis incorporated a large amount of error variance. 
Noise exposure schedule. Exposure to continuous noise (g = -0.4) on the new analysis exerted a stronger effect on performance relative to intermittent noise (g = 0.1); however the reverse is found for the old analysis (g = -0.4 for intermittent and g = -0.2 for continuous) as seen in Table 4 . It should be noted that too few intermittent studies were considered in the new study to calculate a stable effect or to draw further conclusions about the relationship between continuous and intermittent noise. This paired with the all analysis (g = -0.4) supporting a small to moderate effect of intermittent noise. 
Noise type. The effect of noise on performance as a function of noise type is shown in Table 5 . Speech noise for the new analysis was associated with a small effect (g = -0.3), however the 95% CI for speech noise contains zero (no effect), negating the findings. The old (g = -0.8) and all (g = -0.8) analyses indicated a stable finding that speech noise has a large negative effect on performance. This suggests that the studies included from 2006-2011 were either outliers or could be considered with the larger sample.
The effect of non-speech noise on performance suggests a small effect across new, old and all analyses (g = -0.3, g = -0.1, g = -0.2 respectively). Inclusion of the new studies, while a small number, help to attain stability. 
Task category by performance measure. Task by performance measure was selected because of the theoretical and practical interest in examining speed-accuracy tradeoffs within different task categories. Change in tasks from four broad task categories in the previous work to two in the recent work are consistent with the ebb and flow of psychological interests being influenced by what is trendy, the nature of the tasks since 2005 have been based in perception and cognition.
Results of the moderator analysis of task category within each performance measure category are shown in Table 6 . Only one study was included in the new perceptual accuracy category, bringing question to the stability of the effect (g = +0.2). Consistent outcomes were reported for both the old and all analyses. Sixteen studies examined noise on the new accuracy of cognitive tasks following outlier analysis and a small to moderate effect was found (g = -0.5). A slightly larger effect was found for the old analyses (g = -0.5) and all analyses (g = -0.6).
Seven studies were examined on the new speed of perceptual tasks. A small effect was found (g = -0.4), however the 95% CI included implying that the effect of noise on speed perception appears to be negligible. Similar findings were reported for old and all analyses. In addition, there were no studies in the area of perceptual speed on cognitive tasks. Note. * Outliers removed
The 2006-2011 research provides quantitative evidence that noise has a negative effect on performance capacity. The effects of acoustic noise were computed for the single moderators, task and performance measures; followed by variations in performance as a function of intensity, the schedule of noise exposure and the type of acoustic noise.
DISCUSSION
Meta-analytic techniques were utilized to incorporate a large body of literature to assess the effects of acoustic noise on performance. However, these findings are fueled by the data available and the subjectivity involved in the process, from selection of studies (e.g., inclusion criteria) to determining stability of an effect. Through the present study, we were able to compare and contrast across sequential eras of research. The above findings can provide important insights into the process of meta-analysis itself, primarily with the issue of subjectivity.
In a summative review, the main findings of this work suggest that noise generally had a stronger negative effect on performance on speech relative to non-speech noise when all studies are considered together. However, these forms of noise were equivalent effects on performance when only the most recent studies were considered. While a number of factors could influence this finding, one possibility is that much recent research has focused on recall tasks. For a comprehensive review of noise effects on human performance, see Szalma and Hancock (in press) .
Prior even to the initial start of a meta-analysis, subjectivity can wield its head into the initial experimentation and writing process. While articles often go through a process of peer review, there is still some level of subjectivity involved throughout the process. Meta-analysis, in turn, aggregates a collaborative set of shared standards and thereby adds in a degree of objectivity to this process. The larger the number of studies, the enhanced statistical power and provided control between study variations. The number of studies holds sway over the degree of selectivity of inclusion criteria and the number of moderators to explain study variation.
Further, as research multiplies in a specified area, determining the stability of the effect becomes ever closer to attainment. However, stability also has a degree of inscribed subjectivity given variable dependent criteria (e.g., number of studies). There comes a point where the inclusion or removal of additional studies no longer impacts the inclusive analysis, as seen in the global effects in this study.
The follow-up to determining stability, is determining what to do with the findings. One such objective is a historical comparative analysis. Breaking out the data based on historical criteria could provide an in-depth objective look at the state of the literature at a given time. Thus comparison to the stable (or current overall state of the literature) effects would then lead to a more inclusive view of the given topic area. For example, with respect to the major debates in the noise literature, earlier empirical research sought to test for general mechanisms of noise effects; while more recent research has sought to test narrower theoretical accounts. Thus, meta-analysts should consider the date of publication of studies included in their analysis, not as criteria for inclusion, but rather to elucidate the theoretical context in which the empirical studies of specific epochs of time were conducted. Consideration of such contexts may not only serve to inform the selection of moderator variables but also provide insight into the interpretation of meta-analytic results.
